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Summary
Objective: To derive a cross-culturally valid, short measure of physical function using function subscales (daily living and sports and recrea-
tion) of the Hip disability and Osteoarthritis Outcome Score (HOOS).
Methods: Rasch analysis was conducted on data from individuals from multiple countries who had hip osteoarthritis (OA). Fit of the data to the
Rasch model was evaluated by model c2 and item ﬁt statistics (c2, size of residual, and F-test). Differential item functioning was evaluated by
gender, age and country. Unidimensionality was evaluated by factor analysis of residuals. Individual data sets were analyzed and data pooled
and re-analyzed for ﬁt to the model. Regression modeling was conducted to derive a nomogram converting raw summed scores to Rasch
derived interval scores.
Results: Seven data sets were included (n¼ 2991), ages 19e96 years, male/female ratio was 1:1.23. The ﬁnal model included ﬁve HOOS
items. From the easiest to most difﬁcult, the items (logit) were as follows: sitting (1.832), descending stairs (0.729), getting in/out of bath or
shower (0.255), twisting/pivoting on loaded leg (0.221) and running (2.595). The separation index was 0.80.1New Emerging Team Grant in Early OA sponsored by Canadian Arthritis Network and Canadian Institutes of Health Research, Pﬁzer,
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552 A. M. Davis et al.: HOOS-Physical Function Shortform (HOOS-PS)Conclusion: The daily activity and sports and recreational items of the HOOS were reduced to ﬁve items achieving a feasible, short measure of
physical function with interval level properties. This tool has potential for use as the function component of an OA severity scoring system.
Further testing of this measure is warranted.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Arthritis, particularly osteoarthritis (OA), ranks among the
most prevalent diseases in the developed world and is
a major cause of pain and physical disability1,2. It is most
common in the hip and knee and is a leading cause of ac-
tivity limitation, loss of independence, decreased quality of
life and is a signiﬁcant economic burden in terms of health
care costs1,3e6.
Total joint replacement (TJR) is a known effective treat-
ment option for end stage hip or knee OA7. However, while
studies have evaluated interventions for relieving pain and
improving function, there has been little work in understand-
ing interventions that might improve pain and functional
disability in those who have mild or moderate symptomatic
OA. Disease modifying agents for OA [Disease Modifying
Osteoarthritis Drugs (DMOADs)] are of interest8, but to
evaluate these agents, there is a need to deﬁne eligibility
criteria for clinical trials and appropriate outcomes.
As described by Gossec et al.9, an international working
group created under the auspices of Osteoarthritis
Research Society International (OARSI) and Outcome Mea-
sures in Rheumatology Clinical Trials (OMERACT) deter-
mined that TJR, while the deﬁnitive outcome of failure in
treatment of hip or knee OA, was not a feasible outcome
in trials of non-surgical management, given the issues of ac-
cess to TJR10e12 and people’s variability in willingness to
undergo such surgery13,14. Hence, it was decided by the
working group that the domains of pain, physical function
and joint structure would be combined as a surrogate mea-
sure of outcome. Given this objective, it is critical that we
have a parsimonious set of cross-cultural items that repre-
sent the range of difﬁculties of individuals across the spec-
trum of OA severity (that is, community dwelling individuals
through to those with severe OA such that they are candi-
dates for TJR). A working group was created for each do-
main, with the goal of determining a measure that would
be integrated into the combined surrogate outcome. The fo-
cus of this paper is the physical function domain for hip OA.
The most common measures of physical function with
demonstrated reliability and validity that have been used
world-wide for hip OA include the Western Ontario McMas-
ter Universities’ Osteoarthritis Index (WOMAC)15e17 and
the Hip disability and Osteoarthritis Outcome Score
(HOOS)18. The WOMAC physical function subscale in-
cludes 17 items that were selected based on their level of
importance to people with hip and knee OA15e17. There is
concern, however, that the WOMAC 3.0 physical function
subscale does not include items of sufﬁcient difﬁculty19,20.
To address this limited range, the HOOS was developed18.
The HOOS is inclusive of the 17 physical function items of
the WOMAC but also includes higher demand function,
sport and recreational activities, increasing the physical
function items to 21.
Additionally, concerns have been expressed that the WO-
MAC physical function subscale has redundancy within its
restricted range of difﬁculty given the number of items and
the method of determining their inclusion19,21. Reduced
item sets for the WOMAC physical function subscale have
been developed and tested by Whitehouse et al.22 and byTubach et al.23. Whitehouse et al.22 reduced the 17-item
physical function subscale to seven items based on the opin-
ion of 36 orthopedic and rheumatology personnel from the
United Kingdom and United States. These opinion leaders
were asked to indicate the ﬁve items they would keep based
on items most likely to change after joint replacement sur-
gery, what patients cared about most, and items that repre-
sented a broad spectrum of difﬁculty. The measurement
properties subsequently were tested in data from patients
from the United Kingdom, United States and Australia who
had total knee replacement. Tubach et al.23 asked 1362 pa-
tients with hip or knee OA to select the ﬁve items represent-
ing activities that they felt needed to improve the most and
399 rheumatologists were asked to select ﬁve items that
they considered resulted in the most problems for people
with hip or knee OA. Based on their analyses eight items
were chosen that were considered most important to the pa-
tients. These authors similarly tested themeasurement prop-
erties of the shortened scale. The difﬁculty with these
approaches is that neither included the spectrum of severity
of OA in their work, theWOMAC items with a limited range of
difﬁculty were used, and the scaling properties of the items
were not considered in the process.
Item response theory methods, speciﬁcally the Rasch
model, have been used to develop and internally validate
short measures24. The Rasch model25,26 uses a logistic
function that creates an interval-scaled measure. The stan-
dard error (SE) of an item is independent of the SE of other
items such that there should be improved accuracy and
stability of the performance of the items across different pop-
ulations. Additionally, the item difﬁculty parameters explicitly
demonstrate the range of difﬁculties (in this case the range of
functional difﬁculty) that are represented by the measure.
We, therefore, secondarily analyzed HOOS and WOMAC
3.0 data from individuals from Europe and North America
with hip OA accrued to community cohorts or individuals
about to have total hip replacement surgery using the
Rasch model to develop a short measure of physical
function.Methods
Data (n¼ 2991) from community (Canada) and pre-total hip replacement
surgery cohorts (four from Canada, one from Sweden and the Eurohip data
set which represents data from Austria, Finland, France, Germany, Hungary,
Iceland, Italy, Poland, Spain, Sweden, Switzerland and the United Kingdom)
were included in the analysis (Table I). The methods for accrual to the com-
munity sample have been described elsewhere10,27. For those pre-THR, all
patients were booked for their surgery and completed the questionnaires ei-
ther as a part of routine care or in relation to a speciﬁc research study. The
age of the total sample ranged from 19 to 96 years with four data sets includ-
ing individuals with an average age in the 60s. There were slightly more fe-
males than males. All data analyzed were based on the WOMAC Likert-type
version 3.0 or HOOS Likert-type version 2.0 questionnaires. This secondary
analysis was approved by the institutional ethics review board.MEASURESThe WOMAC version 3.015,17 physical function subscale consists of 17
items scored 0e4 with response options for rating the amount of difﬁculty
on an activity ranging from ‘None’ to ‘Extreme’. The subscale score is calcu-
lated by summing the raw responses with a score range of 0e68 where high
Table I
Description of the data sets used in the analyses
Data
set
Country Type of
sample
N Age, mean
(SD, range)
Sex*,
M:F
1 Canada Community 122 77.1
(7.0, 65e96)
82:40
2 Canada Pre-THR 371 69.9
(12.0, 31e92)
122:143
3 Canada Pre-THR 1078 63.1
(14.0, 19e96)
462:616
4 Canada Pre-THR 78 61.5
(13.3, 28e86)
30:46
5 Canada Pre-THR 205 70.6
(10.8, 43e92)
44:123
6 Sweden Pre-THR 92 71.0
(8.1, 51e88)
43:46
7 Eurohip Pre-THR 1045 67.8
(10.8, 28e94)
491:554
*M:F ratio does not equal the sample size in some instances due
to missing data.
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HOOS as the Function, daily activities scale18. Four additional Function,
sports and recreational items of the HOOS18 are similarly rated and scored
to provide a raw subscale score of 0e16. For the HOOS subscales, the raw
subscale scores are then calculated as a percentage score. The raw re-
sponses of the 21 items for the two HOOS subscales were used for these
analyses.ANALYSISThe most basic form of the Rasch model, based on a dichotomous re-
sponse scale, is that the probability of a person endorsing an item is a logistic
function of the difference between the person’s ability and the difﬁculty of the
item. This can be expressed as a logit model as follows:
ln
pni
1 pni ¼ 4n  bi
where ln is the logarithm function, P is the probability of person n endorsing
item i, 4n is the level of functional ability of person n, and bi is the difﬁculty of
item i. The item and person estimates are expressed as logits which allow for
linear transformation of the raw score. As an item estimate is based on re-
sponses to the other items, the model is able to accommodate missing re-
sponses to an item for a given respondent. An extension of this model, the
partial credit model for multiple-response option data, the details of which
are described elsewhere28, was applied in this analysis using RUMM2020
software29. This form of the logistic model addresses the case of multiple-
response option data such as that of the HOOS where the response repre-
sents the individual’s difﬁculty rather than a ‘‘correct’’ answer.
The criteria for interval level data include: demonstration of appropriate re-
sponse category ordering, ﬁt of the data to the model, lack of item bias or dif-
ferential item functioning (DIF) and unidimensionality25,30e33. The data were
considered to ﬁt the Rasch model when the item c2 probability was not sig-
niﬁcant, the item residuals were small (i.e., absolute value smaller than 2.5)
and the F-test statistics were not signiﬁcant. Statistical signiﬁcance was
based on a critical value of 0.05 with a Bonferroni correction factor for mul-
tiple testing34 with P-values< 0.002 considered statistically signiﬁcant.Table I
Summary of mo
Model Sample
size
# Items Items
Location Fit residual
Mean SD Mean SD Me
Initial 1636 21 0 1.341 0.307 5.638 0.0
4 1613 11 0 1.736 0.057 1.078 0.2
10 2476 10 0 1.574 0.188 2.021 0.7
18 2688 7 0 2.176 0.356 1.480 1.0
Final 2643 5 0 1.640 0.170 0.886 0.6Response categories were examined to determine if they produced se-
quentially ordered item thresholds. Thresholds are the point between two re-
sponse categories where there is 50% probability of either response. Where
items had misordered thresholds, the response categories were collapsed.
Item bias or DIF occurs when there are systematic differences in re-
sponses based on characteristics of the respondents. Invariance of the
model by age, sex, and country was evaluated. Although item splitting can
be done to address DIF by having different difﬁculty estimates or logit values
for an item, we a priori determined that items with DIF would be removed to
maximize parsimony.
The internal consistency and reliability of the ﬁnal model are evaluated by
a separation index that is equivalent to Cronbach’s alpha35. Values of ap-
proximately 0.80 and greater are acceptable36.
The assumption underlying the Rasch model is that the items form a uni-
dimensional scale. Most commonly, unidimensionality is assessed by per-
forming principal component analysis of the residuals. There should be no
factor structure to the residuals as the Rasch analysis has ‘extracted’ the fac-
tor for which item associations exist. Interpretation of these results can be dif-
ﬁcult as the residuals represent an unknown amount of the total variance as
presented by the RUMM software. Care must be taken to avoid interpretation
of a suggested data pattern based on the residuals of one or two items that
provides minimal explanation of the total variance33. As a ﬁnal test of unidi-
mensionality, person score estimates were compared based on subsets of
items from the factor analysis of the residuals. Scores were created from
the items with positive factor loadings of 0.30 and higher and also from items
with negative factor loadings of 0.30 and lower. T-tests were then done to
compare the estimates for each person and the percentage of tests outside
1.96 (95% conﬁdence interval) was calculated31,33.
Person score estimates are provided on a logit scale. We a priori ex-
pected that the distribution of the community sample would demonstrate
a proportion of individuals with less disability than the samples of individuals
who were waiting for THR.
Finally, we used regression methods to determine how well the ﬁve-item
interval level scale predicted the scores the raw summed score of the ﬁve
items by ﬁtting a cubic model. To facilitate ease of use in clinical and re-
search settings, we then created a nomogram equating the raw sum score
to the interval level measure scaled from 0 to 100.Results
Table II presents an overview of the model summary sta-
tistics for some of the Rasch analyses. The ﬁrst analytic
model was run with all 21 items using only the Canadian
data sets from both the community and the pre-total hip re-
placement samples. The mean item location for the initial
model based on 21 items was 0.00 with Standard Deviation
(SD)¼ 1.341. The SD should be approximately 1 although
values of approximately 1.4 are common. The overall model
c2 statistic was signiﬁcant with a P-value of <0.0001. Ten of
the 21 items were problematic based on misﬁt criteria (Bon-
feronni corrected signiﬁcant c2, large residuals, signiﬁcant
F-test) and are bolded in Table III. As an example, the
item walking on a flat surface has a large residual of
6.670 which is well beyond the threshold magnitude of
2.5 and the P-values are beyond the Bonferroni corrected
critical value for both the c2 statistic and the F-test.
Given these ﬁndings, the pattern of the items thresholds
was evaluated to see if there was disordering of responses
for any items. The items heavy domestic duties, runningI
dels fitted
Persons Item-trait inter-action PSI
Location Fit residual c2 c2 prob
an SD Mean SD
60 1.597 0.409 1.614 1192.91 <0.0001 0.95
45 1.715 0.465 1.276 70.02 0.3442 0.92
36 1.627 0.478 1.264 102.19 0.0006 0.90
17 1.723 0.499 1.134 81.59 0.0002 0.85
27 1.617 0.513 0.990 42.29 0.0672 0.80
Table III
First model using only Canadian data with 21 items
Item Location SE Residuals c2 P-value F-stat P-value
Sitting 1.729 0.03 2.063 13.1910 0.0401 2.567 0.0178
Rising from sitting 1.009 0.03 0.683 12.3320 0.0550 2.262 0.0353
Walking on a ﬂat surface 0.973 0.03 L6.670 52.2410 0.0000 12.88 0.0000
Bending to the ﬂoor 0.698 0.03 0.336 12.9720 0.0435 2.091 0.0515
Descending stairs 0.677 0.03 2.213 24.1440 0.0005 4.578 0.0001
Getting in/out of car 0.670 0.03 1.938 18.8970 0.0043 3.523 0.0018
Taking off socks/stockings 0.569 0.03 L4.659 23.2830 0.0007 5.608 0.0000
Getting on/off toilet 0.514 0.03 2.409 10.7070 0.0979 2.154 0.0448
Standing 0.485 0.03 L2.625 15.6730 0.0156 3.4 0.0024
Going shopping 0.388 0.03 L4.744 31.9120 0.0000 6.695 0.0000
Putting on socks/stockings 0.387 0.03 L7.844 57.5280 0.0000 15.093 0.0000
Light domestic duties 0.327 0.03 15.737 466.5960 0.0000 52.079 0.0000
Lying in bed 0.309 0.03 3.828 44.4820 0.0000 6.37 0.0000
Heavy domestic duties 0.208 0.06 13.803 364.4350 0.0000 40.997 0.0000
Rising from bed 0.140 0.03 1.608 7.3680 0.2881 1.621 0.1374
Ascending stairs 0.130 0.03 1.073 10.6390 0.1002 1.875 0.0817
Getting in/out of bath/shower 0.082 0.03 0.833 5.1250 0.5279 0.932 0.4707
Twisting/pivoting on loaded leg 0.745 0.11 0.111 3.6570 0.7230 0.664 0.6789
Walking on uneven surface 1.413 0.11 1.948 9.3010 0.1574 1.961 0.0737
Squatting 3.271 0.29 0.225 1.3490 0.9689 0.264 0.9525
Running 3.865 0.30 0.395 7.0750 0.3139 1.825 0.0984
Mean ¼ 0.00; SD ¼ 1.34; separation index ¼ 0.95; c2 ¼ 1192.91; and P-value <0.0001.
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were collapsed to achieve sequential order. The remaining
items had properly ordered thresholds and all response
categories were maintained. Additionally, the threshold dis-
tances varied across items such that the partial credit model
was appropriate for the analysis of these data (data not
shown).
DIF based on age and sex was also evaluated to deter-
mine if this was contributing to the misﬁt of items. No at-
tempt was made to improve ﬁt to the model by item
splitting (i.e., allowing different estimates for items based
on the DIF characteristics examined) as noted in Methods.
Misﬁtting items were systematically removed, resulting in
11 items that ﬁt the model (Table IV). The overall model
had an item mean of 0.00, SD¼ 1.74, with a c2 statistic
with a P-value of 0.3442. These 11 items provided the ba-
sis as we continued to work toward a ﬁnal model using the
additional data sets. The additional data sets were added
one at a time allowing us to systematically test for DIF
by country.
Addition of the remaining data sets resulted in a ﬁnal ﬁve
items that ﬁt the Rasch model (Tables II and V). The overallTable I
Final model with 11 items ba
Item Location SE Resi
Sitting 2.019 0.04 1
Getting in/out of car 1.223 0.03 0
Rising from sitting 0.872 0.04 1
Descending stairs 0.872 0.03 1
Getting on/off toilet 0.709 0.03 0
Standing 0.682 0.04 0
Ascending stairs 0.286 0.03 1
Getting in/out of bath/shower 0.247 0.03 1
Twisting/pivoting on loaded leg 0.374 0.11 0
Squatting 2.862 0.29 0
Running 3.674 0.32 0
Mean ¼ 0.00; SD ¼ 1.74; separation index ¼ 0.92; c2 ¼ 70.02; and P-
p <0.05 ¼ 7.20%.model had an item mean of 0.0, SD¼ 1.64, which is im-
proved from the 11-item model. Given the multiple testing
and multiple comparisons, the c2 statistics, residuals and
P-values met the criteria for item ﬁt. The exception was
descending stairs which had a signiﬁcant F-test. This sug-
gests that the class intervals (i.e., the distance between
the thresholds) vary in width. None of the ﬁve items demon-
strated DIF by age, sex, or country based on a Bonferroni-
adjusted P-value. As an example, Fig. 1a and b shows that
the items getting in and out of the bath/shower and sitting
have no DIF by age or sex as the curves overlap.
The ﬁve items included in the ﬁnal model include three
from the original WOMAC 3.0 physical function subscale
(sitting, descending stairs and getting in and out of the
bath/shower) and two items added in the HOOS (twisting/
pivoting on loaded leg and running). The items have aver-
age logits ranging from 1.832 (sitting, which is the easiest
item) to 2.595 (running, which is the most difﬁcult item)
representing a range of difﬁculty (Table V). The item thresh-
olds (Fig. 2) also demonstrate the range of difﬁculty with
thresholds ranging from 10 to 5. The separation index is
0.80.V
sed on Canadian data
duals c2 P-value F-stat P-value
.013 6.4780 0.3718 1.073 0.3762
.231 3.3400 0.7651 0.501 0.8081
.423 9.4620 0.1492 1.896 0.0782
.675 5.5090 0.4803 1.214 0.2961
.733 12.8570 0.0454 2.453 0.0230
.283 6.3470 0.3855 1.382 0.2181
.030 13.7240 0.0329 2.742 0.0118
.879 4.6180 0.5936 0.806 0.5653
.508 2.9760 0.8119 0.516 0.7957
.137 0.9840 0.9862 0.171 0.9839
.511 3.7260 0.7137 0.902 0.4956
value ¼ 0.3442. T-test for unidimensionality: Proportion of t-tests
Table V
All data combined for final model with five items
Item Location SE Residuals c2 P-value F-stat P-value
Sitting 1.832 0.026 1.370 10.12 0.1197 2.22 0.0388
Descending stairs 0.729 0.026 0.526 15.09 0.0196 3.93 0.0006
Getting in/out of bath/shower 0.255 0.026 0.695 9.73 0.1363 3.00 0.0063
Twisting/pivoting on loaded leg 0.221 0.102 0.800 5.15 0.5253 1.15 0.3367
Running 2.595 0.301 0.099 2.20 0.9002 0.49 0.8121
Mean ¼ 0.00; SD ¼ 1.64; separation index ¼ 0.80; c2 ¼ 42.29; and P-value ¼ 0.0672. T-test for unidimensionality: Proportion of t-tests
p <0.05 ¼ 2.60%.
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residuals demonstrated no pattern (data not shown). Addi-
tionally, neither subset of items from the factor analysis of
the residuals demonstrated a signiﬁcant difference from
the person estimates from the full ﬁve-item measure based
on a Bonferroni-adjusted P-value. Only 2.6% of the sample
demonstrated differences, supporting a unidimensional
construct (Table V).
Person score distributions are shown in Fig. 2 and range
from5 to 7 logits with the community sample, as expected,
including individuals with less disability (lower scores repre-
sent less disability).
Finally, given that we signiﬁcantly shortened the two sub-
scales of the HOOS, we wanted to evaluate how the Rasch
scale predicted the summed score of the ﬁve items. Figure 3
shows the relationship of the Rasch-based scores in rela-
tion to the summed score. Additionally, Fig. 4 shows the
prediction line based on an estimation of the cubic function
regressing the Rasch score on the sum of the ﬁve items in
the ﬁnal Rasch-based scale. Table VI shows the modelFig. 1. Graphs demonstrating the lack of DIF for getting in and out of
the bath/shower (a) for age and for sitting (b) by sex. For each
graph, the x-axis shows the person score in logits and the y-axis
represents the expected scores based on the Rasch model (overall
ﬁt is based on a c2 distribution). For each of getting in and out of the
bath/shower and sitting the lines for age and sex, respectively,
overlap demonstrating that there is no DIF by these factors.summary and coefﬁcient estimates as well as the descrip-
tive statistics for the raw scores, observed and predicted
Rasch-based scores for the ﬁve items. Figure 4 supports
the data in Table VI and the appropriateness of the cubic
function.
By solving the cubic model in Table VI, Rasch-based, in-
terval level scores can be estimated based on the summed
score of the ﬁve items. Table VII presents these estimated
Rasch-based scores for all possible integer values of the
raw summed scores. The estimates are shown in both the
original scale and rescored on a 0e100 scale where
0 represents no physical difﬁculty. As an example, a raw
summed score of 13 is equivalent to a score of 50.8 on
the interval score ranging from 0 to 100.Discussion
Use of the Rasch model in this study supports a short
measure, the ﬁve-item HOOS-PS (Appendix 1), for mea-
suring physical function in people with OA of the hip. The
measure covers a range of difﬁculty and represents a unidi-
mensional construct and demonstrates no DIF by age, sex,
or country despite the diversity in the test samples. As such
a single score from the HOOS-PS can be created for an
individual using Rasch methods and this score has interval
level properties. This is supported by the evaluation of
strict unidimensionality, which remains a challenge, but
the methods used in this study represent current best
methods31,33.
One item, descending stairs, ﬁt the model with the excep-
tion of the F-test criterion which suggests that there are
statistically signiﬁcant differences in the threshold distances
for this item. The impact of one item failing a single criterion
given that all other criteria for item and model ﬁt were met,
including the tests of invariance and strict unidimensionality,
is unclear and currently under debate.
The other potential issue is that the Person-Separation
Index (PSI) is 0.80 in the ﬁnal model which is on the low
end of acceptable levels particularly for individual level
data36. Although the Cronbach’s alpha (PSI in this case)
is related to the intraclass correlation testeretest reliability
coefﬁcient37, formal testeretest reliability with calculation
of the appropriate test of concordance should be conducted
for use of this measure in evaluating change.
The items derived from the WOMAC physical function
subscale that are included in the HOOS-PS differ from
those included in the short versions of the WOMAC devel-
oped by Whitehouse et al.22 and by Tubach et al.23,38. Sit-
ting is the only common item with the seven-item short
WOMAC derived by Whitehouse et al.22. Their short mea-
sure includes the following WOMAC items: ascending
stairs, rising from sitting, walking on flat, getting in/out of
car, putting on socks/rising from bed, and sitting. Tubach
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556 A. M. Davis et al.: HOOS-Physical Function Shortform (HOOS-PS)et al. retained eight items of the WOMAC: descending
stairs, ascending stairs, rising from sitting, walking on flat,
getting in/out of a car, going shopping, and putting on
socks/stockings23. Only descending stairs is common with
the HOOS-PS. Given the different methods and different
samples used by Whitehouse et al.22 and Tubach et al.23,
as compared to the current work, these differences are
not surprising. A major advantage of the current approach
is that it achieves interval level measurement across a spec-
trum of OA disease severity and is free from DIF. Addition-
ally, the HOOS-PS includes a greater range of item difﬁculty
by its very inclusion of more demanding activities than
those included in the WOMAC.
Short, as compared to long, versions of questionnaires
that can be used for measuring patient status or change
in status are in constant demand by clinicians, researchers
and regulators to improve feasibility and compliance, espe-
cially when multiple questionnaires are being used.However, the major criticism of short questionnaires relates
to their content validity. Content validity is a qualitative as-
sessment determined mainly by how the items were gener-
ated. Ideally, the literature and all stakeholders are
canvassed to determine that there are no critical omissions
and that there is no irrelevant content39 at the item genera-
tion phase of questionnaire development. In item reduction,
content validity must be balanced with item redundancy and
the additional information gained by each item.
The short versions developed by Whitehouse et al.22 and
Tubach et al.23,38 have measurement properties of reliabil-
ity, validity and responsiveness even though the items in
the two short versions are very different. This suggests
that the original 17-item scale had redundant items.
While aspects of truth, discrimination and feasibility as
deﬁned by the OMERACT ﬁlter40 have been addressed
in the current work further testing of the HOOS-PS is re-
quired. Generalizability of the current work is limited by
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Table VI
Raw-based scores (logits) regressed by raw summed score for final
five items
Model estimates
Coefﬁcient SE t P-value
Constant 3.4104 0.0082 416.54 <0.0001
(Raw summed score)3 0.0009 0.0001 75.24 <0.0001
(Raw summed score)2 0.0171 0.0004 47.24 <0.0001
Raw summed score 0.3851 0.0031 122.46 <0.0001
Model ﬁt
R R2 Adjusted R2
0.999 0.999 0.999
Range
Minimum Maximum Mean SD
Raw summed score 0 20 11.541 4.326
Observed Rasch-
based person scores
3.386 4.968 0.379 1.595
Predicted person
scores
3.410 4.549 0.289 1.552
Residuals 0.062 0.418 0.000 0.054
Table VII
Crosswalk table of raw scores (0e20 to continuum scores, logits
and 0e100 scale)
Total raw
score (0e20)
Person interval
level score in logits
Person interval
level score (0e100 scale)
0 3.4104 0.0
1 3.0415 4.6
2 2.7014 8.8
3 2.3847 12.7
4 2.0860 16.4
5 1.7999 20.0
6 1.5210 23.4
7 1.2439 26.9
8 0.9632 30.4
9 0.6735 33.9
10 0.3694 37.7
11 0.0455 41.7
12 0.3036 46.1
13 0.6833 50.8
14 1.0990 55.9
557Osteoarthritis and Cartilage Vol. 16, No. 5the types of sample and cultural considerations of the
countries from which data were available. Future studies
will need to further evaluate reliability and validity and ad-
dress cross-cultural validation. Additionally, given the in-
tended use of the HOOS-PS as part of the composite
index that will as one of its goals deﬁne an endpoint for
those who have failed DMOAD therapy such that they
are candidates for total hip replacement, validation studies
to deﬁne a HOOS-PS cut-point will be required. Further
applications of the HOOS-PS will require studies to deﬁne
the responsiveness of the measure in different contexts in
varying samples of people with hip OA who receive differ-
ent treatment interventions.
In summary, based on accepted methods of measure-
ment using Rasch analysis and using data from samples
representing a spectrum of OA severity, we have developed
a short measure of physical function, the HOOS-PS. This
short measure ﬁts the unidimensional, interval level scaled
Rasch model and is free of DIF. Further, we have provided
a conversion for raw summed scores to an interval scale for
ease of use and interpretation in clinical and research
settings.y = 0.9784x - 0.0331
R2 = 0.9994
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Fig. 4. Relationship between observed Rasch-based scores for
ﬁnal ﬁve items and predicted person scores obtained from cubic
equation in Table VI.
15 1.5561 61.6
16 2.0600 67.9
17 2.6161 74.8
18 3.2298 82.4
19 3.9065 90.8
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(HOOS-PS)
This survey asks for your view about your hip. This infor-
mation will help us keep track of how well you are able to
perform different activities. Answer every question by tick-
ing the appropriate box, only one box for each question. If
you are unsure about how to answer a question, please
give the best answer you can making sure you answer all
the questions.
The following questions concern your level of function in
performing usual daily activities and higher level activities.
For each of the following activities, please indicate the de-
gree of difﬁculty you have experienced in the last week
due to your hip problem.1. Descending stairs 
None Mild Moderate Severe Extreme 
2. Getting in/out of bath or shower 
None Mild Moderate Severe Extreme 
3. Sitting 
None Mild Moderate Severe Extreme 
4. Running 
None Mild Moderate Severe Extreme 
5. Twisting/pivoting on your loaded leg 
None Mild Moderate Severe Extreme References
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